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2In L'Eclariage Electrique 23 pp 597-408 is a discription of
Poulsen's telegraphon. This apparatus consists of an electro-
magnet put in circuit with a telephon transmitter, and "between the
poles of which a steel rihbon is caused to pass at a velocity of
ahout thirty-six meters per minute. The current, varied hy speak-
ing into the transmitter, induces upon the steel wire magnetism
which varies in strength similarly to the current which produced
it. If this wire is then taken and again passed through a simi-
lar piece of apparatus with a telephon receiver in circuit, the
original sounds are reproduced. All who have heard one of these
instruments working and with whom I . have spoken say that the re-
production is very weak but extremely pure. It was this that
suggested that it might he of scientific interest to study the
i
distrihution of magnetism along a wire which has been passed at a
high velocity through an alternating magnetic field.
One of the first things noted is that the wire is not trans-
versely magnetized, as is stated in every article discribing the
I
telegraphon (Journal of the Institute of Electrical Engineers of
j!
1901 p and Electrical '.Vorld and Engineer 59, p 911 ITay 24,1002).
In the case of all the samples tested, I found no such state of
magnetization. In all probabilities the magnetization is trans-
j
verse at the moment it is impressed upon the wire, but, owing to
the extreme proximity of the poies formed, the magnetism would be
largely destroyed if left in that position, and so it is highly
probable that the elementary magnets formed along the wire are
turned about through an angle of 90 degrees, for in such a posi-

tion there 7/oulcl be no free (that which is left after equal quan-
tities of opposite signs have been neutralized) magnetizations of
opposite signs which would be very close together and the magnet-
ic state of the wire would be stable and permanent. Such a turn-
ing of the elementary magnets could not. however, result from the
magnets alone, for one has no tendency to turn the other, since
the like poles on one side of the wire repell each other vvith the
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L_ i— 1 3
same force as do the like poles on cho other side. But if one
of the pole pieces of the exciting magnet is nearer the ribbon
than the other, it would tend to drag the elementary magnets with
it and this start the rotation which the elementary magnets v;ould
then complete on their own account, for when they are turned
through an angle of about 50 degrees there would be a north pole
close to a south pole of the magnet proceeding or vice versa and
they would tend to pull each other around into line (See Fig.2)
.
There seems to be evidence that this is the state of affairs in
the steel wire for I have not been able to detect magnetizations
of opposite polarity at a single point in the wire and I tested
the wire on all sides. I have found that the magnetization is
very marked if the wire is passed very close to one of the pole
pieces and at some distance from the other, and that when the pole
pieces are equally distant, practically no magnetization is left
upon the wire. Let us see what would happen in a few special
cases of such a turning of the elementary magnets. In Fig. 1 we
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5have tho state of affairs just at the time that the magnetization
is "being impressed. The magnetization is transverse. But as the
wire comes out from under the influence of the pole pieces, the
magnets turn and align themselves along the wire. The pole of one
magnet which comes, "by this rotation, into proximity to the oppo-
site pole of another, is in general of a different strength than
the one proceeding and consequently it s corresponding opposite
pole, and so there is a resulting free magnetism after equal poles
of opposite polarity have annulled each other. In Pig. 2 the
length of the small rectangles which represent the elementary mag-
nets indicate the strength of the magnets. It is this predominat-
ing magnetism \7hich we measure and which produces the effects which
make the telegraphon possible. V/e \70uld thus expect the maxima
and minima on the wire to he shifted with respect to the points of
greatest mid least magnetizing force, for the greatest residual
effect would he at the points of most rapid change. Thus we
should expect a lag or a lead in the magnetization curve with re-
spect to the magnetjiiizing curve, and such is very prohahly the case
as we shall see later. Again, if the pole pieces for impressing
the state of magnetization are exactly perpendicular to the length
of the steel wire, two elementary magnets of equal strength v/ould
have no tendency to turn due to themselves or the pole pieces, pro-
vided the pole pieces were an equal distance from the wire. But
let us suppose the following conditions. At A (Fig. 3) let the
Dottom pole piece he nearer to the wire than the top one. It
will tend to turn the elementary magnets clockwise, hut at the

Gpoint B where the upper pole piece is nearer to the wire than the
Dottom one, the magnets v/ould tend to turn counter-clockv/ise
.
Such a state of affairs can "be imagined and we would have as a con-
sequence two adjacent maxima of the same sign with no sign of any
magnetization "between the two points, for the points of the most
rapid increase in the magnetizing force would have the same pole
predominating. This has 'been realized in a single instance and
it was an unexplainahle point for some time how an alternating
current could produce upon a wire two magnetic poles of the same
sign at the same distance apart as the distance between alternating
poles proceeding and following this region.
The above gives one source of a lag or lead of the magnetiza-
tion curve with respect to the magnetizing curve. There is, how-
ever, another point which came up. Does it take any time for a
piece of steel to reach its point of maximum magnetization after
the magnetizing force is turned upon the steei? To solve this
question it 7^as first thought well to pass a sample of steel at a
high velocity "between the poles of an excited magnet a number of
times, measuring the state of magnetization on the steel each time.
Y/e would thus get the added effects due to successive equal expo-
sures to the field and from the curve we could get the time element.
First of all it 7/as necessary to find some method of measuring
the magnetization. Magnetometer methods in the ordinary form were
not applicable because the mathematics of such methods is accurate

7only V7hen the sample is either very long or it is in the form of
an ellipsoid of revolution. The sample used had to he very short
and so these methods gave hut little encouragement. I devised,
however, the following method. A spool, wound full of very fine
magnet wire, was slipped on the hottom end of a vertical paper tuhe
suspended so that a carriage could fall freely down the tuhe (See
Fig. 4) . This carriage was of such a length that its lower end
broke the circuit, composed of the coil just mentioned and a bal-
listic galvanometer, just at the instant when the sample, being
properly fastened to the carriage, vj-as half way through the above
coil. we would thus get a thro\Y proportional to the lines of
force radiating from the sample. The readings got with this piece
of apparatus \7ere exceptionally constant, the variation being a-
bout five tenths of one percent from the mean.
The apparatus used for making the exposure was simply a vfooden
disk (See Fig.5)
,
v/hich could be rotated at a very high velocity.
Near the circumference 7/ere a number of holes into which the sam-
ple could be placed and which was so placed that it passed exactly
between the poles of the excited magnet. It is to be noted that
the sample \Tas not allo\7ed to pass the magnet but once as the re-
sidual magnetism had an effect upon the sample. It was therefore
necessary to propell the disk with a very heavy weight working on
a long Icaverage in order to give the disk a high velocity in go-
ing once around. The data collected in this way looked promising
at first, but it was soon realized- that at least some and probably
all of the effect ',7as due to another cause.
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Time. Reading. Deflection, Zero.
83.55 .55 88.9
1 80.7 3.2 88.9
2 30.05 8.4 88.9
3 79.95 8.95 88.9
4 70.7 9.2 '^8.9
II
87. G 1.25 88.85
1 86. 2.85 88.85
2 85.8 3.05 88.85
3 85.7 3.15 88.85
5 85.55 3.3 38.85
10 35.5 3.35 83.85
Lar^e 85.55 3.3 ^n.RP,
The first set of the a"bove data was taken .with the sample just
short enough to clear the pole pieces of the electro-magnet . The
ji
same vfeight v/as used in propelling the disk throughout this work
and since the disk was started from the same point each time, the
time of exposure was constant and was taken as our arbitrary unit
of time in the ahove tahle . The second set of data is the same as
the first except that the sample was filed shorter and thus left a
greater clearance space. It will "be noted that the maximum effect
was reached much sooner in this case than in the first and showed :
jj
that the effect vro were measuring was due to the fact that the in-
i!
I
troduction of a piece of iron into a magnetic circuit would de-
I''
i
crease the reluctance and we vTOUid have an inductive effect, that
is the field would tend to increase while the steel went through.
On cutting off the sample a decrease of the effect was noted and
when ahout a third of the sample was cut away (the sample was ahout
||
|j
three centimeters long) no more lag could "be noticed. The sample
was hard tool steel.

11
To investigate this question of time element without compli-
cations due to inductive effects, it was decided to return to the
telegraphon arrangement and to vary the strength of the field In-
stead of changing the position of the sampie in the field which
would change the reluctance of the magnetic circuit. An optical
occillagraph, made at the University of Illinois, now came most
"beautifully to our aid. It was used as follov7s. The occilla-
graph had in one end a horizontal opening outside of which couid
be mounted a long vertical closed "box and on the inside of which
was a carriage for holding a photographic plate. The piate could
thus "be made to fall past the opening and the "beam of light, vi-
brating horizontally and coming from the occillating mirror of the
occillagraph, regestered upon the plate a picture of the curve
corresponding to the alternating current which was passing through
the occillagraph. One modification \7as made in the above arrange-
ment. The photographic box (See Pig.G) was made double and a
strip of wood fastened lengthwise on the back of the carriage
(See Fig. 7) vThich projected through the partition between the two
compartments, the partition being cut away in the center to allow
the free movement of the carriage. Upon the strip on the back of
the carriage were mounted the various steel ribbons and wires to be
investigated. In the second chamber was moimted an electro-mag-
net (See Fig, 8) thoroughly laminated, in the form of a rectangle.
The poiG pieces were ground down to a very narrow edge and the
rectangle so placed that the ribbon on the carriage passed between
the pole pieces, the narrow edge being at right angles to the
length of the ribbon. The purpose of the narrow edge Y/as to con-
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j
centrate the magnetic field. Then hy allowing the alternating
current to pass in series through the electro-magnet in the photo-
graphic box and through the occillagraph, and "by allowing this car-
riage with a photographic piate on one side and a steel rihhon on
!
the other, to fall past the opening in the occillagraph "box and
jj
the electro-magnet respectively, we were able to get a magnetic
I
curve and an optic curve representing our alternating current side
by side so that we could compare them. I
ii
It only remained for us now to find a method of detecting and '
j
measuring the distribution of magnetism along the ribbon or wire as
!
,
the case may be, for getting the required data. This looked like
an easy task but the practical difficulties were many.
The occillation method was first tried. A magnetometer nee-
die was suspended on a silk fiber about fifteen centimeters long i
I
in a glass tube to avoid air currents and the vibrations counted at
i
equal intervals along the ribbon. This method gave no reliable
I,
data and was soon abandoned.
The following method was then tried. Two pieces of soft
;
Swedish iron vYere bent into the form of a wide letter U (Fig-O)
i and mounted on an upright so that the ends on the one piece faced
I
those on the other. The bottom ends v/ere ground to an edge in the
i
plane, of the rectangle formed by the two pieces of iron. The up-
per ends were ground to a rather small cone point. Between the
lower edges the ribbon or the wire could be draiTn along, and be-
tween the upper cone points a magnetometer needle was suspended.
ii From the fact that the wire or ribbon was magnetized along the wire

K
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and not transversely, the edges at the "bottom were displaced one
half inch. We thus measured the difference "between two successive
points along the wire or rihhon and not the absolute value. This
would produce a shift of our curve, for the points of the most de-
flection would be the points of most rapid change in the magnetiza-
tion and the points of least deflection those of no change or the
points of maximum or minimum magnetization, provided we begin to
coimt at the point midvfay between the positions of the lower edges
of our iron rectangle for the first reading, or in other words, if
the readings are to correspond to points midway between the edges
on our rectangle. From what has been said in. regard to trans-
verse magnetization, we see that the shift due to this method of
relative measurement is just annulled because of the fact that the
points of greatest ma.gnetization are the points of the most rapid
change in the magnetizing field and not the points of strongest
field.
There is still another shift which must be corrected for and
that is the shift due to the fact that the point where the beam of
light stril^es the photographic plate may not be in the same horizon-
tal plane with the poie pieces of the magnetizing electro -magnet,
which ass-umption is made in comparing the curves. This was care-
fully adjusted to zero before each observation.
Another point which gave some truble at first was that our
magnetometer needle when placed between the conical points of our
iron rectangle was attracted towards the iron and tooK up a position
parallel to the air gap. The position perpendicular to the air
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gap was a position of unsta'bie equilibrium, and it was this position
vrhich xie must have stal>le. To do this vte placed on each side of
the air gap one arm of a U shaped piece of hard tool steel, not
raagi-ietized. A hard tool steel was used in order that its influ-
ence upon the magnetometer, due to the very slight magnetization,
j
should he as nearly as possible constant. The inside of the two
! arms of the U shaped steel was ground to an edge with an angle of
ahout 30 degrees. The magnetometer needle had about a 10 c.n, sus-
pension in a glass tube and the space about the needle was closed
in to prevent the effects of air currents. The outside magnetic
1
effects r/ere then screened from the apparatus by surrounding it
I
with a six inch gas pipe Yflth a window in the side through which
li
j
the suspended mirror could be viewed and the readings talcen. Since
the carriage upon which the steel ribbon was fastened vTas about 10
:
inches long and since it had to travel so that the steel ribbon
ii could be examined from end to end, the above gas pipe could not cov-
er all the parts of the magnetometer system and the lower ends of th
the soft iron rectangle projected below the pipe. These collected
a good many stray magnetic lines and so a large cylinder of tin was
I placed around the whole lower portion, large enough to allow a free
movement of the carriage back and forth. A large piece of tin un-
1 der the v/hole apparatus completed the screening of the magnetometer
system from outside influences. The apparatus in this shape worked
very satisfactorily as will be seen from the following data where
j the readings taken at different times for the same point don't vary
greatly.

19
The alternating current used was supplied from an alternator
driven slow enough to give a frequency of aT30ut twenty cycles per
second. The field vfas excited by a current from a storage battery
giving about t^venty-four volts. The field of the occlllagraph V7as
excited by a small current from a storage battery. This current
was adjusted so that the beam of light vibrated bad: and forth over
about two inches of the photographic plate. This adjustment was
made, of course, with the electro-magnet in the camera box in cir-
cuit. All adjustments having been made, the steel to be examined
i was clamped on the carriage, the v/hole camera box taken to the dark
room, a four by five photographic plate, cut in two lengthwise (we
had no more convenient size at hand) placed into the carriage, the
carriage replaced in the top of the camera box, and the whole taken
!l
j
back to the occillagraph. The alternator was then set in motion,
I
the two field currents turned on, the light of an arc thrown upon
I
the mirror of the occillagraph from the proper direction, and the
I
carriage released by withdrawing a rod which projected into the
|l
|. camera box and held the carriage up. The camera was then taken
I
back to the dark room and the plate developed. The steel was then
i:
I
examined 7/ithout removing it from the carriage, which was spaced
!:
||
off in one-fourth inch intervals so that at each point 7fe could de-
I; tormine the magnetic effect on one side and the distance from an
arbitrary line, drawn parallel to the length of the plate, to the
curve on the other side of the carriage. The two curves thus ob-
l tained are shovYn in the foliov/ing pages. The numbers running from
one to sixteen are one-eighth inch intervals measured from the above

20
to the curve
ar'bitrary line^from -jhich data the photographic curve was plotted
after correcting the data to "bring the curve to the same scale as
the magnetic which vtas done as follows. In the magnetic data we
obtained tv/o extreme readings which being proportional to current,
can represent current in some arbitrary unit. If then we equate
the difference between these extreme readings to the difference be-
I tween the extreme readings got from the photographic curve multipli-
I
ed by (x), we get a coefficient (x) which when multiplied into the
i photographic readings converts them into the same arbitrary unit
I
which expresses the magnetic readings. This makes the curve of the
;
same scale as they are already to the same scale lengthwise, and we
can compare the current values at points along the wire and plate,
hi/e must, however, add a constant to the readings got by multiplica-
' tion since the two curves have not the same origin. Be will make
the lovfer minima in each case coincide and the constant which must
i! be added we \t111 designate by (y) in the data.
Let us now examine the curves and see what we can say about
them. It will be seen that the alternating current used was one
of double periodicity, that is to say a curve of low frequency sup-
i perposed upon one of higher frequency. It will also be seen that
the current values for one curve are higher than those at the cor-
!
responding points on the other curve. This condition changes from
li
one curve to the other. These points are marked by a red cross at
the top of the paper and the arroF/s indicate the region in which
I
the photographic curve has the larger value. This increase of
slope in the photographic curve is true only in general. If one
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examine the separate parts he vfill find that sometimes the magnetic
curve and then the photographic curve has the greater slope. The
fact that the increase favors in general one curve on the dovTii
slope and the other on the up slope goes to show that the effect is
due to a displacement of one curve viifh respect to the other. That
this is partly true may "be seen in that if we add the excesses of
one curve over the other throughout a complete period, we find that
the excesses of the first over the second practically neutralize
the excesses of the second over the first. A finer adjustment of
the Deam of light on the photographic plate and the electro-magnet
in the photographic "box is necessary to determine whether this dis-
placement of one curve is due to a lag in the magnetization or in-
accuracy in adjustment. It seems therefore that the magnetic
curve is as good a representation of our alternating current as the
optic curve. V*^e might therefore use this method in determining
the characteristics of an alternating current instead of using the
occillagraph which would, in many cases, he more convenient. More
work along this line will undoubtedly lead to some very important
and interesting conclusions.

ISTEEL CLOCK SPRIIIG
Thickness 12 m.n.
V/idth .25 m.m.
Magnetic Data.
Average
1 T "7lO • / J.O . O 10 . y 1 A Tl^t • J. Lei . O ±o . o i<j . y ±o . /
2 .2G.5 28.4 30.7 31.2 27.4 30.6 30.1 29.3
3 50.2 23.2 30.1 30.4 29.5 31. 30.5 30.
4 2G.4 26.7 27.1 27.4 26.2 27.5 24.4 26.5
5 27.8::- 29.7 29.9 50.2 28.9 30.2 30. 29.8
u 29.1 30.9 52 .
3
32.7 31.5 31.5 31.3 31.3
7 29.2 29. 29.3 29.7 28.4-:c- 29.8 29.8 29.4
8 25.1 24.9 25.1 25.7 24. 2i:- 25 .
5
25.3 25.3
9 24.7 24.4 24.6 24.8 23.6^t- 24.9 25. 24.7
10 28.4 27.7 28.2 28.3 26.9 28 . 28. 28.
11 24.2 25 . 6-;:- 24.2 24.2 22.9-:v 24.2 24.3 24.2
12 17.2 16.7 17.2 17.7 15.9rr 17.1 17.4 17.2
13 15.2 15.5 16.3 15.
1
13.9 15.3 15.7 15.4
14 25.4 25.5 27. 28.-!:- 25.9 25.2 24. 25.5
15 28.7-::- 35. 33.8 54 .
6
33.2 34.4 54.2 54.2
IG 54.8 39.8 39.3 . 39.8 38.5 35.4 40. 38.2
Photographic Data. Vibration Data.
(Numbers are proportional to field)
Original
.
.5
Transformed
1 16.5 .4
2 4.5 25 .3
3 9. 34.6 .34
4 7.25 30.8 .45
5 8.5 33.5 .47
/>
o 11. 38.8
n 11.5 39.9 .59
o 6. 28.2 .43
2.5 20.7 ,41
10 4.5 25. .59
11 3.75 23.4 .45
12 1.25 18.1 . 54
13 0.0 15.4 .27
14 2.75 21.3 .22
15 7.75 31.9 .2
16 9.5 OO • u .29
x^2.15
Y=15.4
These momhers are not reliable and have been omitted in the
averai~e
.

II
STEEL CLOCK SPRIITG.
Thickness 12 jr^.n.
V-idth .25 n.m.
Magnetic Data.
Average Def,
1 29.5 23.9 28.9 29.7 28. G 29.1 29. 29.1
2 25.3 25.5 28 . 8e:- 24.1 23 .
3
24. 23.5 23.8
5. 4.3 6. 8.1 9.8 5. 8.8 G.9
4 17.8 12. 45-::- «> 15 . 6-::- 19.7 19.1 18. 18.6
5 34.7 54.8 11.4-n- 28 . 5-;:- 34.8 35.4 34.4 34.8
6 26.5 26.85 26.1 28. 3^;- 29 . 5-;:- 30.7-:;- 26.2 26.4
r»
/ 26.9 16 . IVf 25.7 27. 05 25.6 27.2 20.5 25.5
3 52.-;:- 42.2 45.1 45.8 45.4 47.2 45.6 45.2
9 61.5-5V 69. 61.rr 69. 68.5 68.8
10 53.2 53.3 31.45 31.4 28.8 30.7 32.8 32.4
11 4.6-;:- 21.4>c- 15-::- 8.5 7. 6. 7.4 7.2
12 13.4 21.2-::- 15 .
3
15.4 15.1 12.1 12.8 13.7
15 25. 27.8 27. 27.4 o«J . 24.5 24. 25.6
14 8.6 9.8 5.5 10.5 5.8 8.7 5.6 7.8
15 33.6 33.7 54.6 28.4 31. 31.8 o2 .
8
32 .
3
16 49.2 48.85 47. 49.9 46.5 46.2 47.9 47.8
Photographic Data. Vi"bration Data.
(Num'bers are proportional to field)
Original
.
Transformed.
1 5. 50.3 .36
2 5.75 26.2 .25
3 1. 12.7 .17
4 1. 12.7 .16
5 6.75 40.8 .13
5 10. 56.8 .14
7 7.5 44.6 .11
8 10.25 58. .11
9 12.5 69.1 .10
10 10.25 58. .08
11 54.8 .08
12 3.25 25.7 .13
13 5.5 34.8 .18
14 2.75 21.3 . 23
15 0.0 7.8 .44
16 5.25 40.8 .36
A — 4.9
Y = 7.8
These num'bers are not reliable and have "been omitted in the
average
.

Ill
FIMO WIRE.
Diameter .82 ^, ^•
Magnetic Data.
1X oa. P3 .7 P4 .
1
2 25 5 9 Ft 1 P5 1
o P7 '1 P7 5 P7 8
A
TC ^0 7 SI TO X . X
'^P G5 SS 7 S
J O jCj . X O X . oo SP A
7 PO "^3 P8 8 PO 3
Qo P5 4^ PR 9 Ft 7
n P"? Q P5 7 P4- S
LW pr> 8 Pt 07 7
-L X '^8 P8 P SO T
X o PO P7 7 00 or;
X o PS p PS IS PA s
x^ X U . t: 17 '^ S 1 IS
X<J X <^ . 'i XO . X X X » u
13 11.75 11.3 0.5
17 15.55 14.7 12.
18 21.5 21.4 1G.35
10 23.1 26.5 21.75
20 23.
G
20.2 24.7
21 27.8 28 . 25 26.7
22 25.85 23.
4
24 .
3
23 23. 22.9 21.45
24 21.7 21.8 19.5
25 24.6 23.0 21.7
26 28.45 28.2 24.0
27 33.3 32.8 31.8
28 37.5 38.7 56.4
Photographic Data.
Average . Original . Transformed
PS » 5 P7 7
P5 P 1 1 .SX X . SI S
P7 n 1 SX a SS
sn 8 1 A PSXte . oiJ SA 1
SS 100 . X 1 A PSX*x . otJ SA 100 . X
SP 1 1 P SP '5
00 1 7 PS PS 7
PS S A S IPX(J .
PS
.
1 A Pxu • ^
PA 1 R A
PP S 7S PA 7
PR A >j . 10 RX ^" .
<^<^ . 1 A 7XU . /
17 AX / . 'J 1 sX « IS AX<J .
IP 3 . 5 11 8
inXW . n inXw .
X'i- . X 11 RJ. X .
10.7 3.5 17.1
23.8 7. or? crc .
26.8 0.5 27.7
27.6 11.5 31.3
25 .
5
11.25 30.8
22.5 0.5 27.7
20.9 0.25 27.3
23.4 10.75 20.9
27..
I
12.25 32.6
52.6 13.5 34.9
37 . 15. 57.5
X=1.77
Y=10.9
This \7ire was straightened hy heating and not oy hammering.

IV
PIANO WIRE.
Diameter .82 m.in.
Magnetic Data. Photographic Data.
Average
.
Original
.
Transformed
.
1 2G. 25.9 25.8 25.9 11.5 32.
G
2 24.1 24.2 23.95 24.1 9.75 29.4
22.1 22.15 22.15 22.1 8.25 26.7
4 23.65 23 .
5
25.55 23.5 9.5 29.
5 28.4 27.6 27.65 27.9 11.5 32.6
G 52.95 51.45 31.3 31.6 13. 35.4
7 55.95 55.25 35.5 55.6 13.5 36.3
3 36.8 36.15 56.1 56.4 13.5 36.3
o 32.9 32.3 31.8 52.3 11.5 32.6
10 26.45 27.9 26.25 26.8 8 . 25 . 26.7
11 21.45 22 . «!>5 22.35 2<C/ . 2 5.5 21.7
12 20.5 21.2 21.65 21.1 3.25 17.5
15 21.65 21.55 21.9 21.7 4.25 19.4
14 24.65 24.2 24.4 24.4 5.75 22.1
15 27.4 25.75 25.6 26.9 5.25 21.2
IG 25.55 25.3 25 . 15 25.5 3.75 18.5
17 20. 20.1 20.3 20.1 2.25 15.7
18 15.75 16.35 16.8 16.3 1. 13.4
10 11.45 12.25 12.8 12.1 .25 12.1
20 11.8 12.55 13.4 12.5 .25 12.1
21 17.3 17.7 18. 17.7 2.25 15.7
22 23.6 25.2 23.05 25 .
3
6. 22.6
23 28.2 27.15 26.7 27.4 9. 28.1
24 29.5 28.5 27.9 28.6 10.75 31.3
25 28.85 28.3 27.85 28 . 10.75 31.3
23 26.5 26.1 25. 26.1 9. 28.1
27 22.95 22.7 23.3 22.9 8.5 27.2
28 25.6 23.1 25.65 25.5 9,. 7 5 29.4
29 26.85 26.2 26.55 26.5 11.25 34.5
X = 1.83
Y =11.6
This wire v/as straightened by heating slightly and not
"by hammering.

VPIMO WIRE.
Diameter ,82 m.m.
Magnetic Data.
Average
Photographic Data.
Original. Transformed.
X 2o.9 25 . 9 <i4 .
3
24. 11
.
i3l . 6
2 22.75 22.9 2o
.
22.9 12.75 54.
2
rr
6 2o . 2 «C^*J • OO 23 .
2
9.75 OO o29 .
4 24. 55 24:, o 24.25 24.
3
11 . 25 31,7
5 27 .75 27 .75 27 .
5
27 .6 13 34.6
6 ol . 5 51.1 oO .55 ol
.
14 . 25 36 .7
7 <i6 . o 55.3 34.5 35 .
5
15 37 .9
8 oo • o 38
.
o7 . 15 o7 .9 14.75 57 .
5
9 o6 .5 35.8 55.55 35.9 12. 25 33 .
3
101 51.4 31.4 51. 31.3 8.75 27 .
11 25 .5 2G .4 2G .4 26 .
1
6 23
.
12 24.
2
25 24.85 24.7 4.25 20 .
1
13 23. 25.9-::- 25 .85 23.6 4.5 20 .
14 27 .
1
24.7-:5- 24.5 25.4 6.75 24.2
15 26 .7 26 . 5-:;- 26 .05 26 .4 6 .75 24.2
IG 25 .9 26 25.6 25 .8 4.25 20 .
17 22.7 22 . 9-!;- 22.7 22.8 3 18
18 19.2 20.05-;:- 20.2 19.8 1.75 15.9
19 14. G 15.9-5'r 16.25 15.8 .5 13.8
20 12.1 13.1-':- 13.85 13. 0.0 13.
21 15.2 13.1-::- 13.5 13.2 1.5 15.5
22 14.3 14. 8# 14.7 14.7 4.5 20.5
23 19. G 19. 6# 19.45 19.5 7.5 25.5
24 22.5 22. 7# 22.3 22.5 9.5 28.8
25 24.5 24.5* 24.5 24 . 11. 31.5
2G 25. S 25. 8^-' 25.7 25.7 10.25 51.7
27 24.25 24. 5#
22
24.7 24.5 9. 27.9
23 22. 22.1 22. 8.25 26.7
29 20.7 21. # 21.2 20.9 9.75 29.2
30 21.2 21. G 21.65 21.5 11. 51.3
51 23.75 24.2 24.1 24. 12.5 35.8
X==l
Y=13
. 56
These readings were taken during a heavy thunder storm when
the magnetometer needle was very restless.
f These readings were taken during the quiet rain following
the alDove storm.
This wire was hammered and twisted in straightening.

VI
PIANO WIRE.
Dj.ameter
.gg m. m.
Magnetic Data. Photographic Data.
Average
.
Original
.
Transformed
.
1 24.5 24.55 24.6 24.5 2, <i5 17.5
2 25.
1
25.05 25.2 25.1 5 .25 23
.
3 27.3 26 .95 27 . 15 27 .
1
5
.
22.5
4 26.5 25 . 35 25 ,2 26 .4 5 .25 19 ,
5
5 25.2 22 . 65 22 ,7 22.9 1.75 16 .6
6 IS .25 17 .95 18
.
18 . . 75 14 .8
7 14.2 14. 14. 15 14. .0 lo .4
8 13
.
13.2 14. 15 .4 1 15 .
2
14.75 14.9 15.3 15
.
4.25 20 .
3
10 17 .5 17 . 55 17 .
5
17 .
5
7 .75 27 .5
11 20 .5 19 .9 19 .9 20 . 9 .75 51.1
12 22 .
2
21.8 21 .75 21.9 10 . 25 52.
1
13 21.75 21.65 21.6 21.65 8 .75 29 . o
14 20 .5 20 .45 20 .
6
20 .5 7 .75 27 .5
15 21. 21. 1 .
4
21.1 9 29.8
IG 25.8 34. 25 .75 23 .9 10 .75 33
17 29 .
5
29.05 28 . 55 29 12.25 35.7
IR 53.75 55,6 55.5 53.6 13.25 37 .5
19 37.8 37.8 37.8 57.8 13.75 38.4
20 58,4 58.6 58.75 58.5 15. 37.
21 36.
8
56.8 37.2 56.9 9.75 31.1
22 35,85 55.8 54.65 34.1 6.75 25.7
23 30.9 30.7 51.4 51. 4.75 22
24 28.25 28 .
5
28.9 28.55 3.75 20.2
25 27. 27.1 27.7 27.2 4.75 22.
26 28.25 28.4 28.7 28.5 5.5 23.4
27 50 29.9 30. 50. 5.25 23
28 29.45 29.65 29.5 29 . 4.25 20 ! 3
29 26.9 26.9 26.65 26.8 2.75 18.4
30 23.2 25.45 23.4 25.4 1.25 15.7
51 18.2 18.35 17.9 18.1 .5 14.3
X = 1.^2
Y = 13.4
This wire was straightened hy hammering.

VII
?IMO WIRS.
Diameter ,S2 ni.m.
Magnetic Data.
1X 97 2 P7 15Of. Xw PG .75
o
P7
o "^1 4-X . *± 5n 4.S SO
o s.s n.s SS
A
<J '.J . X
•7O O . i-/
iJ o . o 4-,S SS 7 «J >J . U
r. PO P po S PO 4
7 PR 4- P.S ''^.S PS
P4. 1 .Sro*x . XO PS 8 P4. n P4 S
n P^ P4. 4. P4- A P4 7
P7 4 Pfi 8 P7 n s P7 1o / .X
X a. PP PO 1 PP PR S
Xo pfl Po PG pn
X ij PP 1 F. PI PR o X . O PI
Xtt 17 4X / . 'i X<J . 17 P 17 1X / . X
xo XtJ . o XO . XO IS 4SX O . o IS SXO . o
X o X O . / <J IS OSX <J . vy 14. 4SX** . Tt O 14- 1X'± . X
X A TO OSX . o 10 SSX J » o o 10 O
18 25.75 24.5 24.5 24.4
19 27.25 27.2 27.6 27.4
20 2G.55 27.1 27.45 27.
21 25.55 25.05 25.35 25.3
22 22.95 22.65 22.85 22,8
25 21.5 21.25 21.45 21.4
24 22.45 22.1 22.25 22.3
25 26.55 25.6 26. 26.
2G 51. 50.4 30.25 30.6
27 35.95 35.7 5 . 5o 55.7
28 36.85 36.75 3G . 5 WW • /
29 • 53.15 52.8
50 27.45 28.2 28.85 28.2
ol 25. 25.1 22.95 25.
Photographic Data.
Original. Transformed.
11 . 31.6
12 .75 o4.6
13 .75 36 .
3
15.5 35.9
10 .5 30 .8
7 .25 25.2
4.25 20 .
1
3
.
18
.
4.25 20 .
5.5 22. 5
4.5 20.6
2.5 17 .
2
1.25 15.
.25 13.3
.25 13 .
1.75 15.9
5. 21.4
8.5 27.4
10.5 30.8
11. 31.6
9.5 29.1
8. 26.
5
^. 28.2
10 . 25 30 .
11.5 o2 .
13. 35
13.75 35.9
14. 36.7
12. 3 o • o
9.5 29.1
6.5 23.9
X = 1.7
Y =12.9
This wire v/as straightened by heating slightly.

VIII
PIMO V/IRE.
Diameter .82 m.n.
Magnetic Data
.
Photographic Data
Avera.^e
.
Original. Transform
1 23.05 23.8 25.5 12.5 55.2
2 22.85 24.1 24.1 o C' rr 11. 32.6
3 27.3 27.15 25.9 27.1 10.5 31.8
4 50 .3 30.9 50.1 50.4 11.75 35.9
5 34. 34.3 55.6 34. 12.75 35.7
Q 36.35 36.4 55.8 «.v u . 1 13. 36.1
7 35.9 54.85 34.5 35. 12. 34.4
3 51.95 30.95 30.3 31.1 10. 30.9
9 26.25 26.55 25.85 26.2 6.5 24.8
10 23.55 24.2 23.95 25.9 5.75 20.1
11 22.45 22.95 25.2 22.9 2.5 17.9
12 24.3 23.55 25.5 25.7 5.5 19.7
13 26.3 24.85 24.5 25.2 5.5 23.1
14 26.1 24.35 24.1 24.9 5.5 23.1
15 25.95 21.9 21.9 22.6 3.25 19.2
IG 21.4 19.5 19.4 20. 2.25 17.5
17 17.1 15.45 16.55 16.5 .75 14.9
18 14.45 13.45 14.2 14. .25 14.
19 13.2 14.75 14.75 14.2 .25 14.
20 16.1 17.5 17.5 17. 1.5 13.2
21 19.55 21.45 21.2 20.7 4. 20.5
22 25.3 24.8 23.8 24. 6.75 ^^5 .
5
23 24.75 26.1 25
.
25.4 9.25 29.6
24 25 . 25 23.8 25.9 2G
.
10.25 31.3
25 25. 26.2 25.4 25 .
5
9.75 30.5
23 2o . 25 24.8 24.1 24.1 8. 27.4
27 23.2 24.6 25.7 25.8 7.75 27.
28 23.7 25.2 24.5 24.4 0. 29.2
29 25.4 27. 26.6 26 .
3
10.5 31.8
Y
This wire \7as straightened by hammering.

IX
STEEL WIRE.
Diameter 1.99 m.m
Magnetic Data. Photographic Data.
22.
Average
.
Original . Transfer
1 22.15 22.2 22.1 1. 17.2
2 2o .4 23.35 23.75 23.5 4.75 23.
2^ .75 24.
1
24.25 24. 7.75 27.7
4 23.9 24.15 24.2 24.1 9.75 30.8
5 2c) .2 23.65 23.2 9. 29.6
6 22 .6 23.5 22.85 or?<c w . 7. 26.5
7 <C/0 • o 24. t o . a. 23.5 8. 28.1
8 25.5 26.05 25.0 25.7 9.5 30.4
28 .7 '28.75 28.8 28.7 10.5 32.
10 35
.
52.9 32.8 32.9 11.5
11 o3.6 33.55 3 <i . 5 5 55.6 11.5 v!)<5 . 5
12 30 .
2
30.25 50 .4 30 .5 10. 31.2
lo 27.4 27.4 27.4 27.4 6.5 25.7
14 25.4 25.45 25.45 25.4 4. 21.8
15 25.1 25 . 15 25. 25.1 2. 18.7
16 27.5 27.45 27.3 27.4 2.5 19 .
5
1 7 OO . OO oo .4 4.5 22.6
18 27.7 27.7 27.7 27.7 4.5 22.6
19 25.15 25.2 25.25 25.2 .3.5 21.1
20 X . t.^ 21.4 21.4 21.4 2.25 19.1
21 18.15 18 . 15 17.9 13 .
1
1.25 17.6
22 16.1 16.2 16.
,
16.1 .25 16.
25 15.65 16.2 16 . 15 16. .25 16.
24 18.7 19.1 19. 18.9 2. 18.7
25 21.6 21.7 21.4 21.6 4.75 23
.
26 24.4 24.3 23.75 24.2 7.25 26.9
27 26.3 26.25 25.85 26.1 9. 29.6
28 26.55 26.45 26.2 26.4 10.25
X - 1.56
5.61
31.6
This wire was hanmiered straight.
The current was only half that used for the smaller wires

XSTEEL \;1RE,
Diameter 3;.99 n.m.-
Magnetic Datj Photographic Lata.
Average
.
Original . Transfori
1 27.25 25.9 26.9 27. 5. 21.8
2 27.15 26.75 26.6 26.8 6.75 24.5
5 27.6 27.05 25.85 27.1 8. 25.
4
4 28.15 27.75 27 .15 27.7 9.25 28.3
5 29.5 28.9 28.75 29. 10.5 30.3
6 50.25 29.7 29.75 29.9 11.25 31.4
rr
1 29.65 29.05 28.95 29.2 10.25 30.
8 28.55 27.9 27.55 27.9 7. 24.0
9 25.7 25.35 25.4 25 .
2
4. 20.2
10 23.45 23.2 23.15 23.2 2. 17.1
11 2o . 9 25.6 23.7 23.7 1.75 16.6
12 25.5 25.05 25. 25.1 4. 20.2
15 25.5 OK 25.25 25.4 3.75 19.8
14 23.65 23.5 23.6 23.4 2.75 18.3
15 19.6 19.2 19.4 19.4 1.25 15.9
16 16.75 16.7 16.45 16.6 .25 14.4
17 14.05 14.35 14.25 14.2 0.0 14.
18 13.7 14.2 14.2 14. .25 14.4
19 16.95 17.2 17.25 17.1 2.5 17.9
20 20.05 20.1 20.05 20. 5.75 22.9
21 22.6 22.5 22.1 22.5 8. 26.4
22 23.75 23.4 23.25 25.5 9.75 29.1
23 23.25 22.9 23.1 8.75 27.6
24 22.15 21.9 21.85 21.9 7.25 25.2
25 22. 21.55 21.4 21.7 7.75 26.
26 23.5 22.75 22.55 22.8 8.75 27.6
27 25.7 25.1 24.95 25.3 9.75 29.1
28 29.3 28.75 28.4 28.8 10.5 30.3
29 32.15 31.75 31.65 51.9 11.5 31.8
30 32.8 32.5 32.55 32.6 12.
X =
52.6
1.55
Y =14.
This wire was straightened hy heating.
The current was only half that used in the case of the
smaller wire.
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Ilagnetometer system with gas pipe and tin missing. The card
"board "box at the "bottom left hand corner "belongs a"bout the magnet-
ometer in the middle of the figure. The carriage is also in
position for testing.

This picture shows the testing apparatus complete. At the
extreme right is the first magnetic testing apparatus discribed
early in this paper.

This picture shows how we ohtained the low frequency alter-
nating current. The one to the left is the generator and is one
designed to give an alternating current which can he represented
by a sin curve.

This picture shows the photographic box in its proper posi-
tion on the OGciilagraph, The back of the box is removed to
shOYi the inside of the box and to show the position of the mag-
net and also the carriage before exposure.
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